In this Supplement we 1) detail and justify our initial conditions, 2) present some details of the timing, pathway and efficiency of asteroidal implantation, and 3) present the mechanism of C-type asteroid implantation during the giant planets' growth (31).
Initial conditions
We ran sets of simulations with slightly different assumptions:
 50 simulations with an outer edge at 1 AU that included 50 embryos totaling 2 M⊕ and 2000 planetesimals totaling 0.5 M⊕, laid out to follow an r −1 surface density profile.  15 simulations with 50 embryos totaling 2 M⊕ and 2000 planetesimals totaling 0.5 M⊕, laid out to follow an r −1 surface density profile. Twenty percent (400) of the planetesimals and embryos (10) were spread out between 1 and 1.5 AU.  30 simulations with 50 embryos totaling 1.6 M⊕ and 2000 planetesimals totaling 0.6 M⊕, laid out to follow an r −1 surface density profile. Twenty percent (400) of the planetesimals and embryos (10) were spread out between 1 and 1.5 AU.  20 simulations with 50 embryos totaling 2 M⊕ and 2000 planetesimals totaling 0.5 M⊕, laid out to follow an r −5.5 surface density profile out to 1.5 AU (54).  30 simulations with 50 embryos totaling 1.6 M⊕ and 2000 planetesimals totaling 0.6 M⊕, laid out to follow an r −1 surface density profile out to 1 AU.  30 simulations with 50 embryos totaling 2 M⊕ and 2000 planetesimals totaling 0.2 M⊕, laid out to follow an r −1 surface density profile out to 1 AU.  20 higher-resolution simulations run with the same gas disk as the main simulations. They included 100 embryos totaling 1.5 M⊕ and 5000 planetesimals totaling 0.5 M⊕ following an r −1 surface density profile from 0.7-1 AU. These simulations each took 3-4 months to run on a dedicated core, as compared with roughly one month each for the lower-resolution simulations.  50 simulations with an outer edge at 1 AU that included 50 embryos totaling 2 M⊕ and 2000 planetesimals totaling 0.5M⊕, laid out to follow an r −1 surface density profile, in which planetesimals were assumed to be 10 km in radius in terms of the gas drag calculation.  35 simulations without the effects of the gaseous disk. These included 1) 20 highresolution simulations with 100 embryos totaling 1.5 M⊕ and 5000 planetesimals totaling 0.5 M⊕ following an r −1 surface density profile from 0.7-1 AU; and 2) 15 simulations with an outer edge at 1 AU that included 50 embryos totaling 2 M⊕ and 2000 planetesimals totaling 0.5 M⊕, laid out to follow an r−1 surface density profile.
Of these 280 simulations, 273 ran to completion and were included in the analysis.
fig. S1. Surface density profile of the underlying gas disc profile used in our simulations, drawn from hydrodynamical simulations (18). The positions of Jupiter and Saturn are included at the bottom. This is the starting disk profile. In simulations the surface density was decreased uniformly in radius on a 2 × 10 5 yr exponential timescale and removed entirely after 2 Myr. Figure S2 shows the timing and orbital pathway of 10 representative asteroids that were implanted from the terrestrial planet region into the asteroid belt. The key points are the following. First, asteroids are only scattered to the asteroid region after the gas disk has dissipated. The median implanted asteroid was scattered onto a belt-crossing orbit after 9 Myr, and was implanted into the belt after roughly 60 Myr. This explains why the presence of the gas disk in our simulations has a small effect on the implantation rate. It is also reassuring in terms of our initial conditions. Our initial placement of embryos was very compact and borderline unstable. However, the fact that implantation happens later, after the initial conditions were 'forgotten' (55), means that the exact initial distribution of embryos is probably not important. Second, asteroids follow a complicated path in semimajor axis-eccentricity space. They spend a significant amount of time at higheccentricity and typically enter the main belt as the result of an eccentricity-decreasing event, usually by being scattered by a rogue embryo that is on a path toward an encounter with Jupiter and subsequent ejection from the system. Figure S3 shows the efficiency of implantation for planetesimals as a function of their starting orbital radius. While implanted asteroids sample the entire terrestrial disk, there is a significant dependence on the initial position. Within the Venus-Earth annulus from 0.7-1 AU, the implantation efficiency increases modestly with radius and there is a ∼ 30% difference between the efficiency of implantation for the 0.7-0.8 AU and 0.9-1 AU bins. The efficiency rises dramatically for planetesimals initially located beyond 1 AU, and planetesimals initially located between 1.25 and 1.5 AU are implanted at an efficiency that is more than ten times higher compared with planetesimals initially from 0.7 to 0.8 AU.
Additional details about S-type implantation
There is a weak correlation between the starting and final orbital radii of implanted planetesimals. Compared with objects initially within 1 AU, planetesimals initially located beyond 1 AU were implanted at a modestly higher rate into the outer main belt past 2.6 AU: 107 of 321 implanted planetesimals (33%) from rinit < 1 AU were implanted into the outer main belt vs. 20 of 47 (43)% for rinit > 1 AU. In addition, planetesimals from beyond 1 AU were implanted modestly earlier than those from within 1 AU, with a median implantation time 10 million years earlier (median of 56 vs 66 Myr). However, given the relatively small number of implanted planetesimalsin particular from beyond 1 AUthese last two correlations are not statistically significant and will require further simulations to confirm.
Implantation requires a series of scattering events to put the planetesimal onto a belt-crossing orbit, and a mechanism to decrease the planetesimal's eccentricity and trap it on a stable orbit. Of course, if a planetesimal's eccentricity can be decreasedeither by a rogue embryo or resonant interaction with Jupiter or Saturnthen it can also be increased and later destabilized. Stable implantation thus occurs most readily when the process cannot be replayed in reverse, for example, if a rogue embryo scatters a planetesimal into the belt and is then ejected, or Jupiter's 3:1 resonance acts to drop a planetesimal's eccentricity and then Jupiter's orbit shifts, stranding the planetesimal on a non-resonant orbit within the main belt.
Given the importance of close encounters, one would expect efficiency to be more effective when there is more mass in embryos in or near the belt. Indeed, one motivation for our study is that Bottke et al's (41) simulationsproposing that the parent bodies of iron meteorites were scattered out from the terrestrial planet regionincluded far too much mass in the Mars region and asteroid belt to be consistent with Mars' actual mass. While our simulations started with very little mass in the Mars region and an empty asteroid belt, we see a correlation between the mass of planets that accreted at Mars' distance and the implantation rate of planetesimals. Simulations with a Mars larger than twice its actual mass or an embryo stranded in the belt (rogue or not, but lasting for 200 Myr) had an implantation rate twice as high as simulations with acceptable Mars analogs and no asteroidal embryos. The distribution of planetesimals implanted in simulations with asteroidal embryos or too-massive Mars analogs also had a smaller peak at Jupiter's 3:1 resonance (∼10% of implanted population in/near the resonance vs. ∼ 30%). Planetesimals were also implanted onto somewhat lower eccentricity orbits. The statistical differences between the distributions depend on the cutoff for good vs. bad Mars analogs.
Nonetheless, the total mass in implanted planetesimals in the 'good' simulations is sufficient to explain the S-types, and could reasonably be a factor of a few higher if there was a significant population of planetesimals in the Earth-Mars region. Additional processes could also have helped capture planetesimals such as moving resonances due to chaos in the giant planets' orbits (56) or an early giant planet instability (25). An early instability might temporarily scatter an ice giant onto an asteroid belt-crossing orbit, which would smear out implanted planetesimals' eccentricities and inclinations (57).
Implantation of C-type asteroids driven by the gas giants' growth
In a separate paper (31) we presented a new mechanism for the implantation of planetesimals from the giant planet region into the asteroid belt. The implantation is driven by gas accretion onto the growing Jupiter and Saturn, which changes both the dynamical environment of nearby planetesimals (often destabilizing them) and the structure of the gas disk by carving an annular gap (18). Figure S4 illustrates this mechanism (in this case neglecting giant planet migration).
In this simulation, Jupiter grew from a 3 M⊕ core to its current mass from 200 to 300 kyr, and Saturn grew from 300 to 400 kyr. The structure of the underlying gaseous disk was interpolated between an r −1 surface density profile and a disk with a single gap carved by Jupiter, and finally the more complex profile shown in fig. S1 as Saturn grows (18). Planetesimals were assumed to be 100 km in diameter for the gas drag calculation (22). Figure S4 shows how the giant planets' phase of rapid gas accretion scatters nearby planetesimals. A significant fraction of planetesimals initially between 4 and 9 AU were implanted into the main belt, preferentially in the outer part (see Fig. 2 ). Many planetesimals were scattered past the main belt toward the terrestrial region, representing a source of water for the growing terrestrial planets.
The mechanism illustrated in fig. S4 is robust to a number of parameters including the disk's dissipation rate and the giant planets' growth timescale and migration history. For a full description of the mechanism, see Ref (31). fig. S2. How 10 asteroids from different simulations were implanted into the belt. Left: Time evolution of the semimajor axis for the asteroids. Each asteroid's path is traced in a unique color. Right: Evolution of the same ten asteroids (with the same colors) in semimajor axis-eccentricity space. The shaded region corresponds to the main belt. The solid points are the final orbits at the end of the simulations. fig. S3 . Efficiency with which planetesimals were implanted into the main asteroid belt in our simulations. Our initial parameter space was divided into five bins: 0.7-0.8 AU, 0.8-0.9 AU, 0.9-1 AU, 1-1.25 AU, and 1.25-1.5 AU. Only a subset of simulation included planetesimals past 1 AU (see above). S4 . Snapshots in the evolution of a simulation in which the giant planets' growth implants planetesimals from the Jupiter-Saturn region as C-type asteroids. Planetesimals are colored according to their starting orbital radius. The main asteroid belt is shaded, and the first panel shows the region of parameter space (at high eccentricity and low semimajor axis) that crosses the terrestrial planets' orbits. Adapted from Ref (31).
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